Saccharomyces cerevisiae S 1 , which is a locally isolated and improved strain showed viability at 40, 45 and cerevisiae S 1 at 48h and it was improved to 80% by soy flour supplementation.
INTRODUCTION
The tolerance of yeast to its substrate (osmo-tolerance), fermentation product (ethanol-tolerance) and temperature (thermo-tolerance) has great potential to be used in industrial scale fermentation. At the beginning of fermentation, cells are subjected to high substrate concentration and as the ethanol level increases, both the substrate and product causes stress to the organism (14) . During fermentation, heat is liberated due to exothermic reactions and if the environmental temperature is already high, the fermenter temperature tends to increase (1) .
Therefore the yeast should have temperature-, osmotic pressure-and ethanol-tolerating capacities to perform efficiently in industrial scale. In tropical countries like Sri
Lanka, maintaining the operating temperature at or around the optimum fermentation temperature requires cooling, which is expensive. Significant cost savings become apparent if the fermenter can be kept at or above 40 o C. In addition, ethanol recovery cost shall also be low if the process is carried out at higher temperatures. This however would require a yeast strain that could produce high titre of ethanol at higher temperatures.
Good yeast strain should have osmo-, ethanol-and combined ethanol and osmo-tolerances along with thermotolerance properties. Therefore this study was undertaken to evaluate the tolerance levels and fermentative capacities of a locally isolated and improved organism, Saccharomyces Osmo-, Thermo-and Ethanol-Tolerances of S. cerevisiae cerevisiae S 1 (2) up to 45 o C for its application in local distilleries.
MATERIALS AND METHODS

Materials
Soy bean from local market was powdered and dried at 80 o C. All the other materials were purchased from standard suppliers: culture media Oxoid limited USA, and other chemicals are from Sigma-Aldrich, USA.
Saccharomyces cerevisiae S 1
Saccharomyces cerevisiae S 1 is a locally isolated and improved thermotolerant strain (2); maintained in peptone, yeast extract and nutrient (PYN) -agar (2.5gL -1 ) slants.
Analytical methods
Glucose (23) 
Soy flour supplementation on ethanol tolerance
To glucose (100gL Ethanol production efficiency = Ethanol produced/ Theoretical maximum of ethanol that could be produced from initial glucose. ** Glucose utilization was calculated ad the percentage of glucose used from the initial amount of glucose added to the medium.
Temperature shift cultivation on ethanol -tolerance
When 18h old S. cerevisiae S 1 inoculum was given different treatments (Table 1) It was reported that ethanol had specific and non-specific effects directly on membranes and proteins (16 Trehalose acts as a protecting agent to the cell membranes and proteins under conditions that deplete intracellular water (6, 9).
Since the relationship between trehalose content and thermotolerance was observed in this study, the effect of ethanol stress on the trehalose content of the cells was also studied. 
Ethanol shock on trehalose content
Growth temperature on thermo-tolerance
The cultures grown at different temperatures showed vast difference in thermo-tolerance at 58 o C (Figure 3 ). In addition to growth temperature, heat shock prior to high temperature exposure had significant effect on thermo-tolerance. for a brief period would result in improved viability (22) .
Soy flour supplementation on thermo-tolerance
Soy flour supplementation has improved the thermotolerance of S. cerevisiae S 1 at high temperature (Table 3) . At One effect of heat is to induce nutritional requirements for lipids (44) . Therefore improvement in thermo-tolerance by soy flour supplementation could be due to its unsaturated fatty acid content. Since soy flour has improved the thermo-tolerance of S. cerevisiae S 1 , its effect on osmo-tolerance was determined. Table 3 . Viability of S. cerevisiae S 1 at different temperatures. The indicated times represent the maximum period to which the strain was able to retain 100% viability. , and ( ) grown at 28ºC incubated at 36ºC for 90min, prior to heat shock at 58ºC. Osmo-, Thermo-and Ethanol-Tolerances of S. cerevisiae
Time (h) Medium
Soy flour supplementation on osmo-tolerance
The osmo-tolerance of S. cerevisiae S 1 in presence of different concentrations of (0-400gL -1 ) of non-metabolizable sugar sorbitol (44) was determined.
The viability and ethanol producing ability of S. cerevisiae S 1 were significantly not affected by sorbitol up to 100gL -1 .
With 200gL -1 sorbitol (containing 100gL -1 glucose), the viability and the ethanol production were reduced to 60% and 30gL -1 respectively (Table 4) . Further increase in sorbitol exerted severe effect on both viability and ethanol production. (Table 5 ). However, when these media were supplemented with soy flour, increased sugar utilization and ethanol production efficiency were observed with glucose 96  48  48  50  90  90  40  94  92  42  100  70  128  28  80  132  36  150  0  155  5  20  172  24 viability was recorded with the addition of soy flour (Table 6 ).
Combined effects of osmo-and ethanol -stresses
In the glucose (100gL (Table 6 ). The results suggest that there are additional complex nutritional requirements for the survival of S. cerevisiae S 1 under combined stressed conditions. During high gravity fermentation, initially high osmotic stress is experienced by the strain and as the fermentation proceeds the sugar depletes and the alcohol concentration increases. Hence as the fermentation proceeds, the strain undergoes ethanol stress. Therefore a strain with both ethanol-and osmo-tolerance is necessary to comply with the high gravity fermentation successfully. Osmo-, Thermo-and Ethanol-Tolerances of S. cerevisiae 0  95  96  60  90  46  48  28  42  50  90  94  46  80  40  42  12  30  100  70  80  0  10  28  32  0  10  150  0  20  0  5  5 cerevisiae S 1 .
